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Brief Cornrnun cadons 
Ohmic Contacts to Al-lmplanted ZnSe 
B. K. Shin, I D. C. Look, 2 and Y. S. Park 
Aerospace Research Laboratories, Wright-Patterson Air Force Base, Ohio 45433 
The production and characterization of ohmic con- 
tacts is an impor tant  part  of semiconductor technology. 
In this paper we report  the formation of ohmic contacts 
on ZnSe, by evaporat ing or sput ter ing Au or Pt  onto 
the Al- implanted,  n - type  substrate. Although these 
metals normal ly  form rectifying Schottky barriers on 
n - type  ZnSe, such barr iers  are precluded if the im- 
planted layer is degenerate. An advantage of Au or Pt  
contacts is that much higher operating temperatures  
are possible than with the commonly used In or Ga. 
The A1 implanta t ion was carried out at 90 keV to 
a dose of 1015 ions/cm 2 at room temperature.8 The sub-  
strate was a high-resist ivi ty (,-~109 ohm-cm) crystal 
cut to expose the (110) face. Before implantat ion,  the 
surface was mechanically polished and chemically 
1 Permanent  address: Sys tems  Research Laboratories,  Incorpo- 
rated,  Dayton,  Ohio 45440. 
P e r m a n e n t  address: Depa r tmen t  of Physics, Univers i ty  of Day-  
ton, Dayton, Ohio 45469. 
Key words:  metal -semiconductor  contacts,  contact resistance, ion 
implantation.  
The ion implantation was  done at NASA Langley  Research 
Center. 
etched at 90~ for 1 min  in a mixture  of 2 parts H 2 S O 4  
and 3 parts saturated aqueous solution of K2Cr2OT, 
followed by a 20 sec rinse in a boiling 25% solution of 
NaOH. In  a previous paper (1) it was reported that 
crystals implanted in such a manner  and annealed in  
evacuated fused-silica ampuls for 4 hr at 900~ 
showed near ly  degenerate electrical characteristics, 
with an effective electron mobil i ty of about 4 cme/V - 
sec and an effective sheet carrier concentrat ion of 
about 101~ cm -2. When unimplanted  samples and sam- 
ples implanted with Ar ions were annealed under  the 
same conditions, they remained highly resistive. This 
showed that the A1 implanta t ion was essential for the 
production of the conductive layer, i.e., nei ther  the an-  
neal ing alone nor the radiat ion damage produced by 
Ar ions were sufficient to appreciably change the con- 
ductivity of the original substrate. The thickness of the 
implanted and annealed conductive layer  was roughly 
checked by the use of the etch described above. This 
etch removes about 50 A/sec from unimplanted  ZnSe 
at room temperature  and the rate for implanted ZnSe 
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Fig. 1. I -V  characteristics of Au and Pt contacts on AI-implanted, 
annealed ZnSe at 77 ~ and 300~ 
is probably about the same. It  was found that etchin~ 
for about 1000 sec was necessary to reduce the conduc- 
t ivi ty to that of the original substrate. This suggests 
that the implanted layer, after annealing,  was about 
5 ~m thick, giving an average doping concentrat ion of 
about I01S-i019 cm -3. Such a concentrat ion is consistent 
with the observed near ly  degenerate electrical charac- 
teristics. 
Two Au (or Pt) contacts, of 0.1 cm diameter, were 
evaporated (or sputtered) 0.35 cm apart  on the im-  
planted, annealed  surface. Current  vs. voltage mea-  
surements  were carried out at 77 ~ and 300~ over a 
voltage range of 4 • 10-4-40V. The magni tude of the 
current  was the same for both voltage polarities. The 
results are plotted in Fig. 1. Both Au and Pt  contacts 
were found to be ohmic over five decades of voltage; 
however, the Pt did show some departure  from ohmic 
behavior below 1 mV. The contact resistance, Rc, was 
determined from the relationship 
1 
Rc = .~- (R -- R n L / W )  [1] 
where R - V/I, R is the sheet resistivity [denoted [] 
by p' in Ref. (1)], L is the contact spacing, and W is 
the sample width. The results of this calculation are 
presented in Table I, but  it must  be emphasized that 
Eq. [1] is only approximate with our contact geometry. 
For comparative purposes we also list the contact re-  
Table I. Contact properties of M-implanted annealed ZnSe 
Contact Temper- R n R Rc ~e 
metal ature  (~ (kohr~7[]) (kohm) (kohm) (ohm-crm) 
300 8.76 10.40 2.13 16,72 
Au 
77 14.10 16.10 3.10 24.33 
300 13.70 12.60 0.95 7.45 
Pt  
77 28,50 25.40 1.60 12.56 
sistivity (2), pc - RcAc, where Ac is the effective con- 
tact area, taken in this case to be just  the actual con- 
tact area. It  is seen that pc --~ 10-20 ohm-cm 2 for con- 
tacts produced in  the manne r  described above. 
The small  temperature  dependence of pc suggests that  
a tunne l ing  mechanism dominates the thermionic emis-  
sion. For t u n n e l i n g  in a Schottky bar r ie r  at low tem-  
peratures and low bias voltages (V << Eb/q), p~ is 
dominated by (3, 4) exp (E~/Eoo) where  Eb is the ef-  
fective barr ier  height, and Eoo = (hq/2) (N/fro*) 1/2. 
Here N is the doping density (assumed equal to the 
carrier concentrat ion),  e is the specific permitt ivi ty,  
and m* is the effective mass. If N _~ 1018-1020 cm -~, 
then Eb must  be about 0.1-1 eV, a reasonable range, to 
give the right order of magni tude for pc. However, this 
model would predict l inear  I-V characteristics only for 
V < Eoo/q, and since Eoo ---- 20-200 meV for N -- 10 ls- 
1020 cm-~ we would not expect l inear  behavior above 
about 100 mV. The fact that such behavior  is observed 
even at 10V suggests that  the bar r ie r  becomes com- 
pletely t ransparent  in both forward and reverse bias 
conditions when a highly doped shallow layer  having 
a surface carrier concentrat ion of N 1015 cm-2  is 
formed. 
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The Semiconductive Property of Gamma-Ferric Oxyhydroxide 
Katsumi Kaneko and Katsuya Inouye 
Department of Chemistry, Faculty of Science, Chiba University, Chiba, Japan 
The recent  investigations by  Cohen et al. on the pas- 
sive films deposited upon iron or p la t inum from neutra l  
ferrous sulfate solution (1) or ferrous perchlorate so- 
lut ion (2) s trongly suggest that the composition of 
these films corresponds to crystall ine 7-FeOOH. It ap-  
pears that the electrical properties of FeOOH-type ox- 
ides have not been studied extensively, although the 
Key words: passive film on iron, 7 -FeOOH,  electrical  conduct ivi ty .  
ul t imate  characteristics of such substances should have 
pregnant  implications for the function of surface films. 
In  the preceding study on the electrical properties of 
ferric oxyhydroxides (3), the present  authors found 
that  a-, /3-, and 7-FeOOtt  are semiconductors which 
show d-c conductivi ty in the order of 10 -9 ohm -1 cm-~ 
and high-frequency (7 MHz) conductivity of 10 -6-  
10-~ ohm-1 cm-1 and which probably  have negative 
carriers. The appropriate value of conductivity ob- 
